
Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 0407 037A1 



EUROPEAN PATENT APPLICATION 



© Application number. 90306237.0 
© Date of filing: 08.06.90 



© int. CIA AS1K 39/02, A61K 39/102 



© Priority: 12.06.89 US 364929 
12.06.89 US 364911 
30.11.89 US 443024 
12.06.89 US 364927 

© Date of publication of application: 
09.01.91 Bulletin 91/02 

© Designated Contracting States: 
CH DE FR GB IT LI NL 



© Applicant: MERCK & CO. INC.NC. 

126, East Lincoln Avenue P.O. Box 2000 
Rahway New Jersey 07065-0900(US) 

© Inventor: Rienstra, Mark S. 
405 Bonnie Lane 
Lansdale, PA19446(US) 
Inventor: Scattergood, Edgar M. 
1375 Stevenlane 
Lansdale, PA19446{US) 
Inventor: Sitrin, Robert D. 
237 Emerson Drive 
Lafayette Hill, PA 19444(US) 

© Representative: Hesketh, Alan, Dr. et al 

European Patent Department Merck & Co., 
Inc. Terlings Park Eastwick Roadoad 
Harlow Essex, CM20 2QR(GB) 



© Process for removing bacterial endotoxin from gram-negative polysaccharides. 

© A process for removing endotoxin from Gr^ve P^handes^ 

bV solubilizing polysaccharide-containing powder denved ^J'^^J^l induce Hpo.ysaccharide 
xfi^ospSfby a dding 9 al =ohol increments un « substantia aU lipopoiysacchande preaprtates. ^ 



Xerox Copy Centre 



EP 0 407 037 A1 



PROCESS FOR REMOVING BACTERIAL ENDOTOXIN FROM GRAM-NEGATIVE POLYSACCHARIDES 

BACKGROUND OF THE INVENTION 

The invention is a process for removing bacterial endotoxin from Gram-negative polysaccharides 
5 ^^^^^^^ °-n P rod U ce fever reactions when administered to 
oatient Endotoxin is an integral component of the outer cel. surface of Gram-negatve bactena It ex,sts .n 
KS^ST- a comp.ex of lipid, carbohydrate and protein. When highly punfled endo toon does not 
contain protet. and by its chemical composition is referred to as a lipopoiysacchande (see Weary and 

10 ^^t^' ^^r^^^^^o^^^^'^^^^^ 30 ^ 3, se.es as an outer barrier through which materials must 
pene^ate if tney " to reach the cel.. .t is selectively permeab.e. Generally. endotox,n ,, released ,n large 

^^'iST^!^ No 4 695.624. issued to Marburg et .L. describes covalently-modified po.yanionic 
bac £T P ™Z™Zs^ covalent conjugates of these po.ysaccharides with '™-^«P^ 

^tl*. endotoxin vrhich are r^n In m. art are described by 

S^SnSiiS. Techno. 2 p 46 (1978); electrostatic attraction (Gerba et al.. Pharm Technol. . 4 p. 83 
(Nelson. Pharm. lecnnm. . *. p- y> i ''. M 0 8g2 / 198 nv hydrophobic attraction using aliphatic 

^i^^SSai'^pilTaldlr.v.ronmen.a, Micn.bio.ogy . April 1986. pp. 8,3-820 describe removal* 

- ^^o^^ — 

"'TTa purpose of the present invention to provide an ef.ec.ive method °< 

polysaccharide mixtures having .ow or neglioable levets o, endotoxin. without suffenng substantia! toss 

polysaccharide. 
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. ■« onfinn m provide a process for eliminating endotoxin from a 

j^t:^,^^^^ * ^ p ° lvsacchartdes and 0,her 



desired species. 



SUMMARY OF THE INVENTION 

ention „ a process for remo.ng endotoxin from Sram-negafive polysaccharides such as 

'^^^^^'^^ br *;', e,easi " 9 ' n, ° ta br ° ,h ' a " 

— and ,esolub " i2ing ,hem t,jSssL,n( 

U precipitating and "^'T^^^tTllng powder in a solution of chelating agent 

i%2£frz%iz^ r £*~ TZ r wiih eihanoi ^ ^ 

alcohol fractionation; and nnlvsacch aride-containing material resulting from the alcohol addition 

^JST^Z^TS^ agL. ,0 remove iipopolysaccharfde by resin 

alcohol concentration which is up tc ,2%. P™*^*^^., additi on of about 0i% at a time unfl a 
cloud point. Incremental alcohol add.t.on » P™*£* ^Tpcint has bean reached. The cloud point is the 

S^a^^ 

, The counter ion is preferably divalent but W bjmonwrtot^ ^ 

Various alcohols may be success* ,Uy us* during endoto, ^ ^ ^ gtOH, 

. stepr^" ^XCT^^:^ - step ,h, . is combed o, 
polysaccharide and '^P 0 ^ 5300 ^^. _ cnelating age nt may also be a solution obtained from the 

. a„ r^^rssrs^^r^^^ 

finished product, while achieving removed and the polysaccharide precipitated from 

. soiurrrhrrps^^rsr- — «— - *- - - — 9 
-rr o° r P o a ,y^ides by r n/r ^-r::s ? 

resin-eliminatipn is useful for ™"'P" la »"f j£ ^fractionation removes materials primarily on the 
(^polysaccharides in the final product. Selecw a Icohol frac ^ ^ t ^ dec 

rero."rtri;rntrr^ - — ~ - 
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surface of Gram-negative bacteria. 

EU/mcg - Endotoxin units (a measure of LPS) per myogram PRP. 



DETAILED DESCRIPTION OF THE INVENTION 

SSiSS. e<hano, Wowed bv a u ~^™a, « m os ^^.o remove 5 

and is then subjected to selective alcohol 1 fof reducing the level of endotoxin to the point 
Selective alcohol fracfonafon ,s an effective process for reduc g ^ solution By 

where it meets product spec.fi cation ^''a 

changing the alcohol concentrate, different molecular weight: P e ««V moiecu | ar weight Ethanol is 
of solution, increasing alcohol <f°"~^*^ When the c.oud 

incrementally added thereby ^'"^^ be advantageous to recover the 

^^^^ 

ride. The material is first combined with the detergent anc i cneia g g ^ 
are then added to and mixed with the solution .^'/^ ° d S ere d using hollow fiber 

level without significant loss of polysaccharide. a ^ mn ii«hP«! removal of impurities such as 

d^M. * a preferred deterge* o,Ker de<ergen,s M . eapab,e o, breaking 
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aaQ reaated ^polysaccharide are suitab.e. ^^^^SS^^^^^ 
7oZ t^, 'and sodium lauryl sulfate. Preferably * — ^ preferab)y ab t 0 ^ 

SnMt 2 0% more preferably between about 0.2 /o and aDoui polysaccharides, and wh.ch are 

^o^sins which bind to ~ ^ and 

5 useful in the present invention mclude ^ ^ no ™^ , Silicon C 8 (Baker). SP207 and HP20 

Amberchrome (Rohm & Haas). Octyl Cellulose ^°*™ ™*J oi lipopo , y saccharide reduction, ease of 
^tsubishi Chem.). Of these resins. ^"Jfi^ T^llcZL'.Pre^ the resin is washed 
Lse. availability, cost, and its proper*** M» -^'^in is washed prior to use with acid solufon. an 
prior to use with pyrogen free water. ^ pyrogen free water . 

,„ alkali solution, or a polar solvent (e.g. ethanol or metna ' . d • tne precipitate resulting from step 
10 a ' ln another embodiment of the invention. ^T^syZoU^e. .^polysaccharide , and 
(h ). which comprises H . influenzae ^ H b _^™J? ^ styrene and divinylbenzene copolymer) res n 
various lipids and protFins. is mixed w.th J^J^^T^npopolysaccliartde binds to the resm wh.ch 
sodium curate, and deoxycho.ate. under su, able and polyribosy.ribitol phosphate 

^ thereafter removed. The filtrate is djafiltered. ^j 6 "*" the resulting pellet triturated w.th 

orecSSe^ 1 solution with alcohol. The preapitate is s the deterge nt breaks the 

S td acetone, and resulting ^^J^^ ^ c^ U^ ^ 

association of the aggregated "W'y'^^^^^ned. and also serves as a buffer o 
the vesicular structure of the l.popoly sa cchande cann ^^ n tion . , ipopo , y saccharide .s then able to 
20 Maintain the P H above about 8. mainly ^^^^^ to the resin, remains free ,„ so ut.on and 

-sk ^^^^^^ »^^B?B 

25 present invention may contain any bact ena. P 0, y^ C ™ polysaccna rides include ^^^^S 

30 b polysaccharide such as 

^^^^^ PhOSPhate ' Sh ° Wn b6lOW ' 




containing polyribosy.ribitol phosphate j^ 8 ^ res n beads are added to and mixed w* the W 
detergenVche.ating agent m,xture ^ ^ ^) oom temperature. The beads are then r»^wdhm 
solution in an orbital shaker for several ™ che , ating agent Re tentate is recovered 

Endotoxin reduction resulting from the proces 
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and final powder. PRP yield is typically at least 75% and sometimes more than 90% of the starting 

^e process of the invention for removing endotoxin and preparing endotoxin-free polysaccharide is 
o^^SSii eou. when preparing polysaccharides for conjugation with proteins Our stud.es have 
shown that confugaL efficiency is three times better with poiysaccharide prepared us.ng the proces ,of 
the oresent invention than with polysaccharide prepared according to Marburg et al U.S Patent No. 
4 695 624 D^ing preparation, the resin hydrophobical.y attaches to the lipid site of the ^vs^n6e 
pndotodn to be removed but does not attach in substantial quantities to other l.p.ds that may be present 
Sese other fn the po.ysaccharide solution and enhance the po.ysaccharide prote.n conjuga- 

^".f a'notter embodiment of the invention, lipopo.ysaccharide is removed from a solution conning 
polysaccharide derived from H. influenzae fermentation broth by rmxmg it wrth resm. e.g. HP2Q W 
porous styrene and divinylbeizil^^lyrner) resin, a chelating agent e.g^ sod.um i citrate and a 
de ergent . eV sodium deoxycho.ate. under suitable conditions, and removng the res.n by fixation. The 
fiU ate S diafiltered. the retentate recovered, and PRP precipitated from solut,on w.th ethanol The 
□State i ^ centrifuged. the resulting pellet triturated with ethanol and acetone, and resultmg solution 
preap.tate ,s cejitniug * J breaks the association of the aggregated hpopolysacchar.de. 

ThTchela g a l^^le^t^ ions so the vesicu.ar structure of the IPOP*-*^ 

■ wmmmmm 

K ""S-*-^ conjugates useful for vaccination o. patients again* WecKons such as those 
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and nna, powder. P— *- * * — 35% * «" ^ " 

levels. 

EXAMPLE 1 



A schematic representation of the process foUowed in this examp.e is shown be.ov, 



DISCARD CELLS 
WASTE PERMEATE 



ET HANOI ■ 
ETKANOL ' 




I PRODUCT PASTE 



( CACL 2 ADDITION j 



WASTE PASTE 
. WASTE SUPER 



| PRE PHENOL POWDER 



(^r\\ in PHENOL EXTRACTION^ ) —WASTE PHENOL 



DILUTION 
CONCENTRATION 
CACLj ADDITON 
PRECIPfTATlON J 



-WASTE PERMEATE 
- WASTE SUPER 



FRACTIONATION | ~ WASTE SUPfcK 



j FINAL POWDER 



,„ the select ethanoltractlona^^ 
Hon increased, along with some >J g wlth ^saccharide is known as the 

where i. meets product station, while r"^tT.p£» insoluble and precipitate out 

changing the alcohol concentrate, decreasing molecular weight 
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u , h « qhaia is added to achieve a concentration slightly below (about 0.5-1 .0 A) 
added. Chilled alcohol such » SDA^'« » ^ ^ Q 2% a|coho , „ a „ 

less than the cloud po.nt (see Gra P h + 2) h .^ U ^ point the cloud point has been reached, 

performed until a two-fold increase ,n dramatic reductions of endotoxin level 

Products obtained from Tests «^ ^ unaC ceptably high level of endotoxin, was 

TABLE 1 



cnH^vin Reduction Using Selective Alcohol Fractionation 



Pre-phenol Powder 
Post-phenol Powder 
Low cut Powder 

Powder After Selective Alcohol Fractionation 



Test (EU/mcg) 



30 
1.5 



650 
140 
600 



340 
1.4 



135 
300 
2.8 



-accomplish ^eseiec,^^^ 
0.05 M CaCI 2 solution to pro Vl de a d.vaten punter -on in the 2 to 4 C range, alcohol 

-^^^^ 

% alcohol needed to reach the cloud pent at 6 C was z/^ ^ ^ ^ p(mder yiekJ 

This seemingly small increase corresponded to 700 ™ *r 3 , increased . Graph 2 

deceased as the difference between ^^f^^l Joint alcohol concentration removed 50% of 
' shows that an increase in alcohol content of 1 * from <£*£f° fold. Therefore, alcohol addition of 1% 

BU '"Z the tow cot a t oho, was added. ^^ZlT^ S^T^SS^ 
s precipitate. Additional alcohol was added to .^^ ^^^T/pical recoveries for this step at 
S?£ £ ete 9 c^nC ^O^otr Ss^no, powder o, 1«» - - — - - 

'""CUcve alcoho, fraCona,on P^^J£E~ 1*^^^"^ - 



50 



55 
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graph 1 

PRP PRECIPITATION: XSDA3A AT CLOUD POINT VS. 
• TEMPERATURE O F PRP/SDA3A SOLUTION 
31 i : " 




graph 2 



HIB PRP- LAL Fold Reduction I X Yield 
(Post Phenol Powder to Final Powder) 
vx X S0A3A Above Good Point 
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containing precipitated iipopolysacchande and P ynbos to P P substantia, quantfes of 

with HP20 resin, deoxylcholate and ^ C ^ ve , * f desirable poiyribosylribitol phosphate contamed 
lip opoly S accharide without sign.f.cantly ^affect ng ^ ,eve fjber membrane . the retentate recovered, and 
intheiow cut material. The ethanol. The precipitate is centnfuged and 



LOU CUT POWDER 

00 C 4 HP30B««tnTr»Bt mtnt j 

PFW i — 




Sptnt ftittn 



charide mixture at pH 8-9. HP20 resin wadded ^ „,^ ed the solution on an orb a 

40 levels: 



LAL test value 
EU/mcg 


A 


B 


c 


initial - 

final powder - 


100 
0.06 


100 
0.03 


100 
0.06 


Polysaccharide 
level (%) 


j initial - 

1 final powder - 


100 
90 


100 
100 


100 
92 



EXAMPLES 2. 3. 4. 5. 6. 7 and 8 



EP 0 407 037 A1 



, J ..,,ih«l in Example 1, maintaining a concentration of 



Example 2 
Example 3 
Example 4 
Example 5 
Example 6 
Example 7 
Example 8 



LAL (EU/mcg) 


Start 


Finish 


60 


30 


60 


6 


60 


0.6 


60 


0.6 


60 


0.15 


60 


0.6 


60 


0.6 



EXAMPLES 9, 10 and 11 

. ^rih«d in Example 1. maintaining a concentration of 
Fol.owing the procedure for endotoxin »^ ~ 60 P EU/mC g. we obtained considerable 





% Sodium 
Deoxycholate 


LAL (EU/mcg)| 


Start 


Finish 

15 
0.15 
0.006 


Example 9 
Example 6 
Example 10 
Example 1 1 


0.25 
0.5 
0.75 

I 1 -° 


60 
60 
60 
60 



Following the genera, procedures in Example 1. these 
4S variations within the invention. 



EXAMPLES 12. 13. 14. 15 AND 16 

examples include description or process 



Process Variation 



Example 12 

A «er treatment in accordance „i.h Exempts 1 . .he procedure is repeated. 



Example 13 



11 



EP 0 407 037 A1 



, o fii^to ic Hiafiltered with 3% sodium citrate, sodium deox- 

Example 14 

. „rHinn to Fxamole 3 an equal volume of 3% citrate with 0.5% 



Example 15 

After three hours ac=ord,n g .o Examp. 3. sodium citrate 0.3% deoxychoiate powder „.re 

added « Hhe re* treat™, continued for another three hours. 

Example 1 6 a,b 

EXAMPLE 17 

2Z£Z*JZ ^ed^ 9 h - <— - ^ «*• ^ " Slm " a ' " 

that obtained in Example 1. 

0 EXAMPLE 18 

«io ( the process steps o,^^^^ 
" ^SJ^e-Z so^pas^h the ca rt rid 9 e. The resu, B n 9 product ,s ,„ 
that obtained in Example 1. 

EXAMPLE 19 



P I eparationom Influenzae b Ca^ PoK^sacch^ ffi 
A schematic representation of the process is shown below: 
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FERMENTATION 
INACTIVATION 
CENTRIFUGATION 






CLARIF1EO BROTH 



DISCARD CELLS 



WASTE PERMEATE 



[ ROMICONPOOL 



ETHANOL • 
ETHANOL ' 



ETHANOL 
FRACTIONATION 



- WASTE PASTE 

- WASTE SUPER 



PRODUCT PASTE 



ETHANOL ' 
ETHANOL ■ 



( CACL 2 



CACL 2 EXTRACT 



ETHANOL 
FRACTIONATION 



J 



WASTE PASTE 
WASTE SUPER 



PRE PHENOL POWDER 



PHENOL - 


Tfour PHENOL extractions; 

|<TH AQUEOUS EXTR. 


— ~ WASTE PHENOL 


ETHANOL * 




f dilution 

CONCENTRATION 
CACLj ADDITION 
L PRECIPITATION J 




— -WASTE PERMEATE 
— — WASTE SUPER 



I POST PHENOL POWDER ' 



CITRATE, j 


HP2D RESIN I- 


ooc ■ ' 

CTHAHJL - h 


TREATMEKT, DRY \ 









JPEKT RESIN 
WASTE SUPER 



\ FIHM.PQWDEB*) 



A Stage: Inoculum and Seed Development ^ 

" A ly op«;ed o. ^^^^U^Z^Z^ Sow, id 
University of New York) was suspended ,n 1 rn lot £ After 20 hours incub at.or, at 37 C ,n 

r^T*:v^ m °™^"^ - u Haemophi,us inocu,um um 

pooled. 
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Haemophilus Inoculum 


Medium* 


Soy Peptone 


1 0 gm/liter 


NaCI 


5 gm/liter 


NaHaPO* 


3.1 gm/liter 


Na 2 HPCU 


13.7 gm/liter 


K2HPO4 


2.5 gm/liter 


Distilled Water 


To Volume 



typical value was P H 7.23) and the solution was sterilized by 
autoclaving at 1 21 ' C for 25 minutes. 



B Stage: 2-Liter Non-baffled Erlenmeyer Flasks 



On.third ^ons of »e ^oli^^ 
ZZ^^^*^ VP C o C n a'rota. shaker of 200 rpm for about 5 hours. A typ.ca, 
OD 66 o value at the end of the incubation period was 0.37. 



Complete Haemophilus Seed & Production Medium 



NaH z PCH 
Na 2 HPO* 
Soy Peptone 

Yeast extract diafiltrate (1) 

K2HPO4. 

NaCI 

Nicotinamide adenine dinucleotjde (NAD) (3) 
Hemin (4) 



3.1 g/l 
13.7 g/l 
10.0 g/l 
10.0 ml/l 
2.5 g/l 
5.0 g/l 
5.0 g/l 
2.0 mg/l 
5.0 mg/l 



The S „= and 5 o y pM-n. «. f^V^TZ^Z^rZTLTZ^ 

£le added asep«=all, to .he nas* or ^^S^SSS^- — *- •» • - *»- — 

'(1) Yeast extract dialiltrate: 1M 9W"" S^o^O cadges to remove molecules with m.w. 

rorsrarrcte^rr^ 

M) and added aseptically just prior to ^cu\M Qf ^ M NaQH ^ the 

ir^th^ - — for 20 minutes at 

' i 2 r c and added aseptically to the final medium prior to .noculat.cn. 



C Stage: 70-Liter Seed Fermenter 

B625 antifoam. The pH started at 7.4. • md monitored by opt ical dens.ty 

The fermentation was maintained at 37 C witn iuu rpm y 



(O.D.) 
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, D , a „d pH determination un«, a typical O.D. o, 0.39 was reached (aHer about U hours,. 



D Stage: BOO-Liter Production Fermenter 

■ ^ ♦ nf «r qtaae" was used to inoculate an 800-liter fermenter 



Harvest and Inactivation 



^ 600 liters o, the batch was inactivated .V - a ■» con,.,nin g « — 

of 1% thimerosal. 



after cenSflgation (15,000 rpm) was used for product recovery. 



Isolation and Concentration by Ultrafiltration 



The supernatant M ton *. ^1,0^0^^ 

^^r. « ^ - ,o 325 li,ers - ^ was 

discarded. 

48% and 61% Ethanol Precipitation 

To the 3a.S liters o, Homicon rebate - ^ - ~ 
stirring at 4- C to a final concentrate o 4 8 /. ethanol by vo thr(jugh , sing , e ^ 

hours at 4- C to ensure complete P™=*«*"- ^/Sin). The Insoluble pellet was discarded and 
inch Sharp.es centrHuge a. W ^Jg^-Wg „ 2 ' 0 . 8 , iters ol 95 * ethanol over a one hour 

Recovery of the Second Pellet 

o 

Calcium Chloride Extraction 
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with 6.5 liters o. cold. glas S -*.,lled vjaferjo ™<^' ™ a „• c (<)r ,5 minu.es. The vessei was .he. 

23% Ethanol Precipitation 

, The.^CaCUertrac,^^^ 

ethanol dropwise. with st.rr.ng. at 4 C over 30 ™™«s _ for 6 5 houfS at 4 c. 

z ^^™^z^z: I _e m«- — - - 

insoluble pellet was discarded. 

37%E^PreopJta^ 

10 The 2 3%ethano,- S o t ub,e^^^ 

95% ethanol. dropwise with st-rnng m «^ to ensure complete precipitation. The resul .ng 

agitation for one hour, the ^°1 ^ 5.000 rpm (flow rate = 0.2 liters/mm) to collect 



Trituration 



_» =h fn fl 1-aallon Waring Blender containing 1 liter of 

30 The pel.et from the centrifugation was *an* ferred to a 1 g ^or , 9 ^ ^ ^ 

absolute alcohol and blended for 30 powder was co.lected on a Buchner funnel 

on and 30 seconds off until a hard, wh.te ™ ?. riter portio ns of absolute ethanol and two 

35 weight) of product 



Phenol Extraction 



The 88 grams ., dr, ma.eh, .,om the .^on ^™™?^S£^TZ^Z 
acetate, pH 6.9. with .he aid of a Daymax d,spers,on ^™ tolto „ s: ^ m , 0( 0.488 M sodium 
extracted with 4.48 .iters o. a fresh «t"~» J^"^ (Mallind-rod. crystalline) * a 20-li.er pressure 

^r^^ra^p a ,rsoi 

similar manner. The phenol phases were discarded. 



Diafiltration 



u „M7fi liters} was diluted with 300 liters of cold. 
The aqueous phase ,om .he ph eno, S£SZ2m»*» apparah* using 3 H.OP.O 

17.5 liters. The ultrafiltrate was discarded. 
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67% Ethanol Precipitation 



ri \n thp 17 5 liters of dialysate from the previous step (f.nal CaCI 2 
0.438 liters of 2.0 M CaCI 2 was added to the 17.5 of y addjtion over Qne hour oi 

concentration was 0.05 M) and the solution was made 87 A ethanol h ^ standing <or 12 

SSjSn «" th C e 4-inch Sharpies * ng ^30 s^nds on 30 

polysaccharide pellet was triturated ,n a Buchner funnel fitted with a teflon filter case, and 

SJhod with 2 .iters of absolute ethano, collected ^£ by ^ ^-^ port ions of acetone The 

(referred to hereinafter as post-pheno. powder). 

A schema tic of the pro cedure is shown below. 
|9ofl PKend Powaer| 



Ctrti» 

DOC- 
tnPFW 



Cllmte - 
PFW - 



HP20 RattnTraatmant 



> Spent Rasln 



Amlcon M 
DlafUt 


ambrtne 
ration 






Ethanol Pn 
Cantiif 


iclpltatlon 
ugetlon 



[ Final Powdar 



->Cltrat« DtaNUrate 
-> Watar Dlofmrata 



WaataSupar 



Endotoxin Removal 

A schema, of the procedure is shown ^"J^Z ^ZT^SS^ 
.Jon of 3% sodium citrate and ^^^^^^^en free water). The loose beads were 
resin per gram PRP (the resin was washed P™r * uae wrth ™ PY 8 mjxi ^ beads are rem0 ved 
rntxed wi* the PRP solution on an orbital shaker diafjltered in an Amicon H1P30-20 ho. low 

Zn the so.ution in a stainless ^^^'J^^b foHowed by 10 vol. of pyrogen free water 
fiber cartridge (0.06m* surface area) vs 5 vol remQV6 detergent and chelating agent. The 

maintaining an estimated PRP eventration of 5 2 f ^J"^,^ a fina , calcium chloride concentration 
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the well-known Hmu.us ameobocyte lysate (LAL) test. LAL was reduced after the various process steps as 
shown below (1 EU/mcg of polysaccharide = 100 ppm): 
LAL test value (ppm) 
iriiFal - 18,000 

after HP20 resin treatment - 12 
after Hollow Fiber treatment - 12 

P^slaused by the process was not substantia.. Amounts of PRP remaining at various stages of the 
process, represented by percentage of the initial amount, are shown below: 
initial - 100% 

after HP20 resin treatment - 93 
after Hollow Fiber treatment - 90 
final powder - 75 

EXAMPLES 20. 21.22,23,24 and 25 



following reduction in LAL with these varying amounts of sod.um citrate: 



Example 20 
Example 21 
Example 22 
Example 23 
Example 24 
Example 25 



% Sodium 
""Citrate 



LPS 
EU/mcg 



0.6 
0.9 



EXAMPLES 26. 27 AND 28 



reduction in LAL with these varying amounts of deoxycholate. 





% Sodium 
Deoxycholate 


LPS 
EU/mcg 


Example 26 
Example 24 
Example 27 
Example 28 


0.25 
0.5 
0.75 
1.0 


15 
0.9 
0.01 
0.4 



EXAMPLES 29. 30, 31. 32 AND 33 
Following the genera, procedure in Example 10. these examples include description of process 
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variations and the resulting LPS obtained from powder originally having 260 EU/mcg. 

% Sodium LPS 

pp nwrholate EEZmcs 

Example 26 0.25 15 

Example 24 0.5 0-9 

Example 27 0.75 0.01 

Example 28 1.0 - <>- 4 
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Example 30 After treatment according 



to Example 3, filtrate is 
diafiltered with 37. sodium 
citrate, sodium deoxycholate 
is added, and the solution 
treated for three additional 
hours with the original HP-20 
resin. 



Example 31 After three hours" of HP-20 

treatment according to Example 



citrate with 0.57. sodium 
deoxycholate was added to the 
mixture and resin treatment 
continued for another three 
hours . 



Example 32 After three hours according 
to Example 3, sodium citrate 
and sodium deoxycholate powder 



treatment continued for 
another three hours. 



Example 33 (a) Six percent sodium ci 



with 0.57. sodium deoxycholate 
or (b)67. sodium citrate with 
17. sodium deoxycholate was 
used for three hours. 



0.2 



(a) 0.3 

(b) 0.1 



3 , an equal volume of 37. 



EXAMPLE 34 



Mil Ul ure K' 1 — . 

mixed in batch with PRP Thus, the PRP is 
deoxycholate. and the resulting solution is passe 
that obtained in Example 19. 



All of the process steps of Example 
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EXAMPLE 35 

Mo, the process ^-^"STSSl^^ 

Z^^ZZ^^^X" -ridge. The ,esu,,, 9 product ,s s,m„ar 
to that obtained in Example 19. 

EXAMPLE 36 

ln this example. aU of the P-ess steps of Example 13 are followed, in accordance with this procedure. 
1 gram of PRP is processed. Results are set forth below: 
i LAL test value (ppm) 
iHltTal -11,000 

after HP20 resin treatment - 15 
after Hollow Fiber treatment - 1 1 .2 
, PRMosfca^ed by the process was no. substantia,. — o, ~a,n,„o a, various stages of • 
procesTrepresemeo by percentage of the initial amount, are shown below, 
initial - 100% 

after HP20 resin treatment - 96 
after Hollow Fiber treatment - 93 
5 TJ ZZ "obLed by this process formed to a,l current chemical specimens. 

EXAMPLE 37 



,„ this example, the method - ^^^a^^ S^T C S 
reductions achieved are shown below: 





LAL test value 




"~ (EOTmcg) 




Initial 


Final 








a. 


22 


0.0012 


b. 


126 


0.006 


c. 


190 


0.009 


d. 


270 


0.012 



EXAMPLE 38 



, Polysaccharide l^ojation Process With S^ective Ethano. f ractionation 



A schematic representation of the process 



followed in this example is shown below. 
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FERMENTATION 
INACTIVATION 
CENTRIFUGAJION 



DISCARD CELLS 



I CLARIFIED BROTH 



jr.OMngNlTRATlON r 

1 ROMICONPCOL 



- WASTE PERMEATE 



ETHANOL ' 
ETHANOL 



ETHANOL 
FRACTIONATION 



- WASTE PASTE 

- WASTE SUPER 



PRODUCT PASTE 



ETHANOL " 
ETHANOL • 



( CACL 2 ADDITION j 



CACL 2 EXTRACT 



( ETHANOL 1 ~ 

- I FRACTIONATION J \ ~* 



PRE PHENOL POWDER 



PHENOL - 


fcni ir PHFNOL EXTRACTIONS; 


— WASTE PHENOL 




|4TH AQUEOUS EXTR. 




ETHANOL * 




f DILUTION 
CONCENTRATION 
CACLg ADDITION 
L PRECIPITATION j 




— ►WASTE PERMEATE 
— - WASTE SUPER 



ETHANOL"" 
ETHANOL " 



POST PHENOL POWDER 

ELECTIVE ETHANOL I LOW CUT POWDER 

^fStCN | WASTE SUPER 



j FINAL POWDER 1 

■„ «nn L fermentor (640 L working volume). A sample for culture 
H. influenzae type b was grown ,n an 800 L ie <™™^ jt was y treat ed with Thimerosal. At the 

puntTw-ii^btiTned and the culture trans erred to a k,l ^ k ^e ,t ^ ^ ^ ^ ^ 

completion of the Mil cyc.e 10 hours ^^ s) °| h f ^^^Twho.e broth was then transferred out of the 
released by the culture vab.lrty test (30 hours). The ' nac * a centrifugation, and the clarified broth 

containment area, the ceils and other de bn. . removed ^^^eco^ ce.ls were discarded 
stored at 2-8'C. Since the PRP was released ^J^^™"^^ fractionation is performed to 
after weighing. The dilute cell-free broth -s concent ated J^J 1 fractionation is then performed 

remove contaminating protein nude -c aad ^^£^ phenol factions to remove residua. 
t^^^Z^^ —1 and extractions result in mate., which conta,ns 

ZX^^^^^^^^ 5 of ,ip ~ charide with po,ysaccha " 
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decide how much addrtwnaij b«»«. «™ final powder ^ a = " 

an increase in 

ft* W»ly S> *»* » ^cen id Otoud Point percent increased. Graph 2 :show <" 

^een Low Cut Ate* o^'^ alconol con^nW^"^ 0 *^ * s „ ot suffici en, to 

redu rr"?c^ 

0.2% above the tow cut a.co h „ rnf , pfiure 0 t the invention is 



so Claims 



• zr_~~ 

-» — - - - — 
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aicohol «o the soit*, cooling the sol f n . and ~ —» ** ' » 

achieve l^^^'^l^nSSiS, materia, resulting from ,h. alcoho, addition 
(a, mixing lipopolysacdw.de and J»'*"=^ = , 0 r ° m ove ^polysaccharide, 
with a nonionic resin, a date rge n * e ^»o^ of alcohol and temperature after coding " step (d) 

2. A method of Claim 1 wherern the ,n u a* ld*on o t ateoho , conce „, rafc n at the cloud pornt. 

3 4 ^eloTofaSm'Tl:! »e chelating agent is 

5. A method of Claim , wherein , detejen, ,. a „ d divi „ y | b enzene copolymer, 

^growing 3ram-nega«,e bacteria in ferment M releasing potysaccharide into the broth, and 
— — reS °' UbiU * 9 ~" Phe "°' ^ 

product to form a powder nnlusacch aride is polyribosylribitol phosphate. 

11. The method of Claim 1 wherein the resin « »^*2J Gr am-negative bacteria which compnses the 
12 A method for removing endotoxin from the outer cam o 

steP 5 ot , „ hacte ria in fermentation broth, releasing polysaccharide into the broth, and 

- K«-==^=rs.-sr 

extracting other impurities; o necie s and resolubizing in a counter ion solution; and 

(C ) centreing remaining high v motec ^ TJ^ ^ thereafter incrementally adding alcohol to 

3S d) adding alcohol to the solut,on. ^ J^ET^ selective alcohol fractionation. 

achieve "Popoly^^ and temperature after cooling m step d 

le^sTnra^^ 

40 « HKSS Cairn 2 wherein the alcoho, ^ « " 

;n e :r °f ai;i.^r^= t oTa9. . ^ — - - °- 

maintailg constant temperature until ^^^^^ after the cloud point has been reached. 
16 A method of Claim 4. where.n prec.prtated material 
45 and polysaccharide remaining in solution is dried. 
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